This paper present a comprehensive analysis of LC Colpitts Oscillator built around a DGMOS (Double Gate Metal Oxide Semiconductor) transistor using high-k technology. A mixed-mode simulation is involved, applying a quantum model to the device whereas the rest of the considered circuit is governed by Kirchhoff"s laws. The quantum device model correspond to 2D numerical calculations based on self-consistent codes coupling Poisson and Schrödinger equation along the transport direction, considering an effective mass approximation. A comparison with Drift Diffusion model (DDM) is made in order to point out importance of quantum effect in this nanometer device. The impact of high-k oxide gate is investigated and analyzed; the results confirm that the high-k is an interesting alternative to reduce tunneling gate current of the DGMOS transistor but reach the same drain one. Considering the oscillator, our goal is focused on the analysis of its phase noise.
INTRODUCTION
Double Gate Silicon-on-Insulator (DG SOI) devices have been of great interest, particularly for the investigation of sub-10 nm field-effect transistor [1] . They seem to be promising candidates thanks to their excellent SCEs (Short Channel Effects) minimization: higher drive current and transconductance, lower leakage current, better DIBL (Drain Induced Barrier Lowering) and better scaling capability compared to the bulk MOSFETs [2] [3] [4] .
To continue the downward scaling, gate oxide with higher dielectric constant is considered as a solution to achieve an interesting transistor performances while maintaining a relatively thick physical thickness of the oxide in order to minimize the leakage tunnelling current. Many research works have been performed in this area [5, 6] . Hafnium oxide (HfO2) and Zirconium oxide (ZrO2) are considered for present and future CMOS application [5, 7] . On an other hand, high-speed silicon based technologies have emerged as attractive candidates for low -cost systems in Radio Frequency (RF) wireless communications.
Phase noise in RF oscillators is an important item in the design of integrated transceivers [8, 9] . As a result, different phase noise theories have emerged. Several papers addressing phase noise have been published [10] [11] [12] [13] [14] . Indeed, Hajimiri and Lee [11] have proposed a time variant model (LTV) based on the so-called Impulse Sensitivity Function (ISF) to predict phase noise. This technique provides insight into the design of oscillator. The ISF function characterizes the stationary results of a perturbation.
Two types of simulation tools have been developed for this work. The first tool which can be applied to design nanoscale transistor, requires accurate quantum transport physics. This model corresponds to a selfconsistent pseudo 2D solution of the Poisson and Schrö-dinger equations, considering an effective mass approximation. This model is continuous over all gate and drain bias voltage. The second tool permits to investigate some phase noise phenomena. It corresponds to a mixed-mode simulation of an LC Colpitts Oscillator "built" around the considered transistor. First of all, we started this study by an investigation of the high-k technology on DGMOS transistor performances. Then a lecture of the impulse sensitivity function (ISF) of an LC oscillator is described and is based on the so-called Hajimiri algorithm.
DOUBLE GATE MODEL

Device Structure
The investigated device is a Double Gate Metal Oxide Semiconductor Transistor (DGMOS), where L is the channel silicon length, Tox is the oxide thickness, Tsi the silicon one and Vgs and Vds are the gate and the drain voltage polarization receptively (figure1). The channel length is equal to 10 nm, the source/drain length are fixed to 5nm, the silicon thickness (TSi ) and the Silicon Oxide (TSiO2) one are taken as 1.5 nm and a uniform density of doping ND is 10 20 cm -3 . The channel is doped with NA acceptors as 10 15 cm -3 .
Two different types of DGMOS are considered. The first one is a transistor which the gate oxide corresponds to the Silicon Oxide (SiO2) and the second correspond to the high-k technology gate oxide with an Equivalent Oxide Thickness (EOT) fixed to 1.5 nm [15] .
We cite the Hafnium oxide (HfO2) and Zirconium oxide (ZrO2) with a permittivity equal respectively to k  20 and k  25. To maintain a constant capacitance in these cases, the high-k thicknesses are 5.6 nm for HfO2 and 7nm for ZrO2. In this work, the gate material is the aluminium; its work function is taken to 4.5 eV. 
Mathematical model
The reduction of devices dimensions down to manometer sizes reveals of quantum nature phenomena. For this, and to establish a model for this device, the Poisson (1) and Schrödinger (3) equations must be considered self consistely [1, 17] .
The equation (1) 
Where n and p represent the densities of the electrons and the holes respectively, m is the electron effective mass in the "y" direction. As Silicon has a cubic structure, there are six equivalent directions which are (1,0,0), (-1,0,0), (0,1,0), (0,-1,0), (0,0,1) and (0,0,-1). The conduction band thus has six equivalent minima, we say that Silicon is a multi-valley semiconductor (six valleys). The effective mass depends on the crystallographic direction considered and is inversely proportional to the curvature of the constant energy ellipsoids.
For each of the six valleys, there will be a longitudinal effective mass (ml  0.98me and a transverse one (mt  0.19me), where m0 is the mass of free electron.
Indeed, the two ellipsoids along the x direction have their longitudinal mass perpendicular to the surface. So, we will consider their influence with their longitudinal effective mass. by against, the other four have their transverse effective mass perpendicular to the surface, so we will consider the transverse effective mass .
Thereby, for each iteration, we have solved the Schrödinger equation two times; once for the transverse effective mass and other for the longitudinal effective mass. Thus for each case a set of sub-bands has been obtained. The considered system (equations 1 and 3) can lead to a matrix system:
The Poisson equation (1) is equivalent to a functional
Where: M is a single dependent matrix mesh, and , where ΔX and ΔY are step following axis transports and axis quantification. We consider for the pseudo 2D calculations that the potential is calculated for each y considering fixed x and then we can note V(y) (1D Schrödinger Slices).
The discretization of the Schrödinger equation leads to:
where: H is the Hamiltonian system defined by (for each "x") The solution of this system of equations is done numerically with self-consistent algorithm, considering Newton-Raphson method [15] . The carrier density is determined thanks to Schrödinger equation and is feedback to the Poisson equation, then the potential V(x, y) is calculated by solving this later. The iterative processes stopped when the convergence is reached (around 10-9 for the potential). Figure 3 illustrate a real space and k-space distribution of electrons within a 1D sub-band in the ballistic transport limit [17] . The electron density with energy lower than the peak sub-band energy is obtained as [16] .
and the electron density with energy higher than the peak sub-band energy Epeak is obtained as [16] 
The calculation of the current density is achieved through the Schrödinger equation self-consistely. I are the Fermi Dirac integral.
PHASE NOISE OSCILLATOR
After presenting the equations that govern the DC behavior of the transistor and their solution, we would like to investigate some phase noise phenomena in an LC oscillator built around this device. Effectively, many works had been done using SPICE-like simulators [18, 19] (e.g.: Spectre of CADENCE), however, even though these compact models are efficient in a first time, but they are nevertheless limited in some aspects like the difficulty to have a realistic description of the resistances. So in our case and starting from the selfconsistent model, we achieve a device analysis on a DGMOSFET, then we "build" a LC Colpitts oscillator around this device using a mixed mode simulation with the ISE-TCAD software [20] .
This later associates a physical simulation of the active device according to Poisson-Schrodinger model with a solution of electric circuit equations for the oscillator. For this purpose, the different elements of the electrical circuit will be modeled according to their Spice mode (Kirchhoff"s law).
The Considered Colpitts Oscillator
The simulated oscillator is the Colpitts coupled LC oscillator represented on figure 4. The LC resonators are known to provide higher spectral purity and lower phase noise.
The active element chosen as an amplifier in the oscillator is the considered Double Gate Transistor (DGMOS).This later is required due to its better frequency behavior. Moreover, its low frequency noise performance is an argument of first order for the low phase noise oscillator design [21] .
The resonator circuit of the oscillator is constituted by the inductor L and the capacities C1 and C2. The elements C3, Cs and Cz are considered for the protection, L-choke is the choke self, and resistors R1, R2, R3 and R4 determine the transistor operating point in DC mode.
Small signal oscillation conditions can be analyzed using the Barkhausen criterion in a feedback oscillator. In order to provide a stable oscillation at a given frequency, the system must satisfy the Barkhausen criteria:
Where: G(ω) is the gain of the amplifier (DGMOS) and (ω) is the attenuation introduced by the LC tank. In a real circuit, the frequency of oscillation 0 depends not only by the LC tank (C1 and C2) but also on the transistor capacitances C which that can be established by the developed mixed mode simulations. 
If we consider the output of an ideal oscillator, it is given by V(t)  A(t). sin (2f0t), where A is the amplitude of the output signal and f0 is its frequency.
With the presence of different noise sources, a general oscillator output signal can be expressed as:
V(t)  A(t)f(ω0t + φ(t)), Where φ(t) is a small random excess phase.
For an ideal oscillator, the amplitude and the phase are both constants. However, for a real oscillator, they can fluctuate according to the time, which leads to a nonideal spectrum response. 
The Impulse Sensitivity Function (ISF)
In radio-frequency (RF) oscillators, the phase noise has been the subject of various studies; it is a serious limit of its electrical performances [22, 23] . Indeed, RTS or 1/f noise (low-frequency noise), device"s source noise (extrinsic or intrinsic) embedded in the circuit can be upconverted in phase noise near the RF carrier of this Voltage Controlled Oscillator (VCO).
Linear Time Variant (LTV) model proposes a technique for calculating the phase noise based on the study of the Impulse sensitivity function (ISF) of the phase of an oscillator according to the time [10] . This ISF represents the excess phase after applying a parasitic impulse on an oscillator circuit. The phase noise is usually characterized in the frequency domain. The idea of this model is to determine the impulse response of the phase of an oscillator excited by injection of low amplitude comparable to noise currents or voltage. To characterize phase noise of an oscillator, Hajimiri [10, 11] defines the impulse sensitivity function (ISF). It says that according to the instant "t" which is injected in the current pulse, the phase response of the oscillator is different.
The parasitic pulse current noise is modelled as a "Dirac". By varying the delay of the disturbing Dirac impulse event (t) during an oscillator period, we can access to the ISF function Γ(τ) wich is a direct representation of the excess phase (phase shift).
The excess phase to a Dirac impulse applied at t time can expressed as [24] :
where U(t) is the unit step and qmax is the maximum charge across the capacitor Ctot (qmax  CtotVoutmax). Figure 5 shows the model of a phase impulse response to an impulse current or voltage. 
RESULTS AND DISCUSSION
The Device Current-tension Behavior
In a first approach, we investigate the transfer characteristics of the DGMOS FET, in order to compare the electrical performances obtained by the classical model and the self-consistent (Poisson-Schrodinger) one. The physical simulation considering the classical model was performed with commercial device software (SILVACO_TCAD) [25] . The so-called DDM (Drift Diffusion model) implemented in the ATLAS simulator is used for the transistor DC analysis. This model is based on a 2D solution of the Poisson and current density equations in all the structure.
All important physical effects, such as generationrecombination, and the mobility dependence on electric field and doping [26] , are properly modelled and accounted for in the simulation. The recombination assisted by deep traps is considered by the simulator through the Shockley-Read-Hall (SRH) model [27] . Figure 6 , which represents the evolution of the drain current Ids-Vgs for Vds  0.8 V, clarifies the difference between the two models, we can observe for the same gate voltage Vgs, the quantum drain current is necessarily smaller than the classical drain current. This behaviour is similar to that of all other multiplegate devices where strong quantum confinement effects (1-D or 2-D) occur [28] , mainly due to the geometrical technology of these devices. Figure 9 represents the evolution of the subthreshold slope (S) and threshold voltage as a function of the channel length (L) for Vds  0.8V for both technology. It can be observed that when L decreases, S increases and moves away from the ideal value 60 mV/decade. But there is no notable difference between the SiO2, HfO2 and ZrO2 dielectrics; indeed, the value of the equivalent gate capacitance is the same in all three cases. 
Phase Noise: the Colpitts Oscllator-Analysis
Considering the RF oscillator, Figure 10 shows its transient simulated output waveform obtained by ISE TCAD simulation. In a real circuit, the oscillation starts due to noise or an interferer coupling into the oscillator. In simulations to start the oscillation, it was necessary to provide a current impulse. The operating point and amplificatory gain have been chosen in order to obtain a very stable output signal. Since the LC tank network is composed only of reactive components, the oscillating signal maintains its amplitude without attenuation.
We present in figure 11 an oscillation typical case: T  335.8 Ps or f  2.97 GHz; the simulation was achieved for different gate insulators such as: SiO2, HfO2 and ZrO2. The nature of the oxide little affects the period of the signal against the signal quality. We can observe in figures 10a, 10b, and 10c, that the ISF function is sinusoidal with a period of 3 GHz which is the nearly same period of the output signal for different dielectric oxide.
The figure 9 show the results concerning the ISF function obtained for several dielectrics gate, at same nodes of interest. The simulation was achieved with ISE-TCAD simulator. In order to have sufficiently of measuring points to trace the ISF function, we choose 50 measuring points on the period.
The sine wave form observed for the oxide gate SiO2 as predicted by the theory [10, 11] is maintained for the ZrO2 and HfO2 dielectrics. We note clearly that the ISF function depends on the injection node and of the type of the gate dielectric.
The period of about 3 GHz is noted which is nearly the same period as the output signal.
CONCLUSION
The paper presents an analysis of a Double Gate MOSFET transistor and its use in a Colpitts oscillator. First of all, we have focused on the DC characteristics of the considered device. A 2D quantum model has been considered. The results show that there is no notable difference between the SiO2, HfO2 and ZrO2 dielectrics not only for current drain evolution but also for the phase noise scheme. The essential benefit of the high-k permittivity (case of HfO2 and ZrO2 material) is related to a notable reduction of the gate leakage current. In addition, we have pointed of, in this paper, that the noise performances of the oscillator are not affected by the high-k technology. Indeed, we have gone further on phase noise theory such oscillator, starting with mixed mode analysis of a LC type oscillator, through a new lecture of the ISF function. Our numerical simulation raw results are very agreed with theoretical precisions.
So, the finding of the paper is the high-k dielectric materials have an impact on the gate leakage current of the device and there is no notable difference in the drain current. It also states that the phase noise of a Colpitts oscillator is not affected by the use of the high-k materials.
